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The purpose of this paper is to use a decomposition-aggregation method and 
Liapunov functionals to discuss the stability of large scale systems described by 
liner Vokerra integrodifferential equations. 0 1989 Academic Press, Inc 
1. INTRODUCTION 
The stability of Volterra integrodifferential equations has been discussed 
by many authors [l-6]. In this paper we consider a system of integro- 
differential equations of the form 
i=Ax(t)+ rc(t,s)x(s)ds, 
i (1) 0 
where A is an n x n constant matrix, C(t, s) is an n x n matrix continuous 
for O<s<t<oo. 
Suppose system (1) can be decomposed as 
li=Ai,x,(t)+ 2 Alixj(t)+j; C,,(t,s)x,(s)ds 
j= 1 
i#i 
(2) 
where i = 1, 2, . . . . m, xi E R”‘, CT=, ni = n, A, is an ni x nj constant matrix, C, 
(t, s) is an ni x nj matrix continuous for 0 <s < t < a, and j:” lCii(u, t)l du 
is continuous for 0 < s 6 t < co, i, j = 1,2, . . . . m. 
We also consider the ith isolated subsystem of system (2), 
ii = A fix;(t) + j’ Cii(t, S)Xi(S) dS. (3) 
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The purpose of this paper is to discuss the stability of system (1) with 
decomposition (2) via construction of Liapunov functionals for subsystems 
(3) and analyze its interconnecting structure. 
2. STABILITY 
In characterizing the stability properties of the isolated subsystem (3), it 
will be convenient to use the following additional nomenclature. 
DEFINITION 1. Isolated sybsystem (3) possesses property A if 
(i) there exists an n, x ni positive definite symmetric matrix Bii such 
that 
Apii+BiiAii= -I,, (4) 
where Iii is an n, x n, identity matrix; 
(ii) there exists a constant Mi > 0 such that 
(5) 
We consider the functional 
Vi(?, Xi( .))=XTBiiXi + Bii fi f,+m ICii(~y S)l do Xf(S)Xi(S) ds. (6) 
If subsystem (3) possesses property A, following Burton [2], we know that 
the zero solution of (3) is asymptotically stable. 
THEOREM 1. Zf the following conditions are satisfied, 
(i) each isolated subsystem (3) possesses property A; 
(ii) there exists a constant Ni > 0 such that 
IBiiJ f J’ IC,(ty S)l do+ f IBul Stm ICji(V s)l du<Ni; 
j=, 0 j=l I 
j#i j#i 
(iii) the m x m text S= (sij) specified by 
l-Mi-Ni, i=j 
sij= 
-2 IBiiA,I, i#j (7) 
has positive successive principal minors, then the zero solution of (1) with 
decomposition (2) is asymptotically stable. 
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ProoJ We choose a Liapunov functional 
‘tt? x(‘))= f Vi(t, xi(‘)) + i!, \i jt+a f lBiil 
i= 1 j= 1 
j#i 
x ICii(u, s)l du x;(s)xj(s) ds, P-3) 
where Vi(t, xi( .)) is defined by (6). Along the solutions of system (1) we 
have 
~(,)(t, x( .)) = f xTB,, ( Aiixi + f Aijxj + jd Cii(t, s)xi(s) ds 
i=l j=l 
.i#i 
+ jgl j: C&t, S)xj(S) ds 
> 
j#i 
+ f 
i=l ( 
Aiixi+ -f A,xj+i):Cii(r,s)xi(s)ds 
j= 1 
j#i 
+ tl Jb’ C,(t, S)xj(S) dS 
> 
T Biixi 
j#i 
+ i!l IBiil J)+a ICii(u, t)l du x:xi 
- f lBiil J”+m ICii(tv s)l xT(s)Xi(S) ds 
i=l 
, 
+ f [,a 2 IBiil [C~(U, s)[ duxTxj 
i=l Jt j=l 
i#i 
- f 1’ f IBiiI IC,(t, s)I $(S)xj(s) ds 
i=l Oj=l 
j#i 
= - 2 xTxi+ 2 f xTBii 2 A,x, 
i= 1 i=l j= 1 
i#i 
+ 2 f xf Bii i ’ Cii(t, s)xi(s) ds 
i=l 0 
+ 2 f x’Bii f j-’ C&t, s)xj(s) ds 
i=l j=l O 
i#i 
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+ icl lBiil i+m lcii(% l)l dZ4 xTxi 
+ f J+a f l&l &(u, t)l dux;xj 
i-1 r j=l 
J#i 
=- 1 - l&l j’ IC,(t, s)l ds 
0 
- IBiil f 1’ IC&t, s)l ds 
j=l O 
j#i 
- IBiil Jfa ICii(u, s)l du , 
- 2 IBjjl Jtrn &(u, s)l du x:x, 
j= I I > 
i#i 
+2 fJ IBiiAijI lxil lxjl 
i,j=l 
j#i 
< - f (1 -A4-fVi)XTxi+2 2 IBi,Aij /Xi1 IXjl 
i= 1 i,j= 1 
j#i 
= - w=sw, 
where W= (Ix,/, 1x21, . . . . 1~~1)~. S is given by hypothesis (iii). From 
hypothesis (iii) we know that p(,)(t, x( .)) is negative definite, then the zero 
solution of system (2) is asymptotically stable, and this completes the 
proof. 
3. COROLLARY 
The special form of system (1) is the convolution system 
i=/lx(t)+ ‘C(t-s)x(s)ds, 
f (9) 0 
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where A is an n x n constant matrix, C(t) is an n x n matrix continuous for 
0 6 t < co. Suppose system (9) can be decomposed as 
ii=A,;x,(t)+ f Aijxj(t)+j’Cii(t-s)Xi(S)ds 
j=l 0 
/it’ 
+ i!l {: C,(t- S)xj(s) ds, (10) 
where A, is an ni + nj constant matrix, C,(t) is an nj x nj matrix continuous 
for O<t<oo. 
The isolated subsystem of system (9) has the form 
&=A,,x,(t)+ ‘C,,(t-s)x,(s)ds. 
s (11) 0 
DEFINITION 2. Isolated subsystem (11) possesses property B if 
(i) condition (i) of Definition 1 holds; 
(ii) there exists a constant Mi > 0 such that 
2 lBiil j+;^ IC,;(s)l ds6Mi< 1. 
, 
THEOREM 2. Zf the following conditions are satisfied, 
(i) each isolated subsystem (11) possesses property B; 
(ii) there exists a constant Nj > 0 such that 
IBiil 2 J’ IC~(S)I ds+ t IBJ J,+m Cji(u)dudNi; 
j-1 O j=l 
j#i J#i 
(iii) condition (iii) of Theorem 1 holds, 
then the zero solution of system (9) with decomposition (10) is asymptotically 
stable. 
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